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This article presents the design of an adaptive Proportional-Integral-Derivative (PID)
controller for a Mass-Spring-Damper mechanical system. The modeling of the system is
conducted using Newton's second law, from which the transfer function is derived. Given
the uncertainties associated with the system parameters, an adaptive method based on a
reference model is employed to adjust the controller coefficients. The adaptation laws are
formulated based on the MIT rule. The results from simulations and applications of the
designed controller demonstrate its effectiveness in tracking the reference input. Under
both nominal conditions and in the presence of uncertainties, the system output follows the
reference input without steady-state error and at an appropriate speed.

Keywords Adaptive Control, PID Control, Mass-Spring-Damper System, MIT Rule.

idpices (sl )9lis g lhac «SlSo uwdigo (o pudydiS e oYlio degazo doliofsg i pyto Swillo (pwtigo (rale dolialo

-2 el sl @230 Jao sk PID osiiS 508 >lhb

-
yA0D MCATz024
* ESFARAYEN
R dlis eilasine
Gl -l Sypato yed-yid-0)2 (SilSe @ Sy (sl R K- (iS00S S b 4 allie ol Lnosiugi
loytally 4l 4 42531 33,50 il ol Jossd @ g oad i3S o a5 33 98 1 casdllae cexd pitung (s3ko e Tl e

bl (sl @250 Je e skl g 1 gthe (53559 (213 B 4 ) (Sl iBLe cashd eas s piee
a8 Jloel g (5 lodnd Nigdso zhdiuwl Gaad ouilgd MIT oacls I osliswl b g o oslisiwl oaisS S calps &80 igeells G (uosige o3l
aly oslha (53505 b3y B sl audlyd 00 >lyb oA S &S W3 e olid dallae Cod phu (sl sad ohb O Gesie 5 B Gl phisal

 2otho (53559 sl diwlsd piucus 52355 (piucm )3 Casthd pie 3929 5 (5ol wdl> 93 )3 &S (5y5bd 35le pald (s>

el U3 Gl ey b 3 S0l el (sl g0
J,‘mm [XVPRTAR 3
o combinl (lad gluls T
5 6B Glle UBjgel gaizme ke gl
9 B pwsigen 03NS bl (uwsige
HggelS
mahdiahmadi@esfarayen.ac.ir

MIT oaeld (yr03-yi8-0y> @i PID 088 yisS o iaukad 308 lnejlgasls



il g4 FY

sl 5 ubasS iuns (slayiobls (5o oo obuly ks
9 ol wdle 9 55 diiy dil> pilunw (gjlwdad g0
395 by Ban cwl awdlyd sad ohb esuS S
g dil> plucw Zoy> e plxil (95 4 | olke
A8 Jlds ez ggas 1y glhe (5398 «piuc sy Jod

oadd iyl 093 LS 33 yred-id-0y> Eiluw hrogs dalsl js
S éj'é)g:ua ikt PID esisS S =>lhb @ o el
deil 33 3sdise GBS bz ot )3 o ilwesly
oly ey Oldu 3 el Glegh sibgez 3 gpSamd
.)))qu

aans i o _y
ol () IS 55 @oliT 4z s SO L yaed-yid- )2 @l SO
4.h4|) ulsJL’A g 093 uyLs )' oslastwl ‘.J ol odds o3y

30 3 g Sl

d?x dx
e te dt
[v¥]

+hkx=u Q)

ol 318 culik g omed culic ooz m ol s & 3T vy
u="F g s> Jolad dhis | pue llz glie x iz
ol gz &y o3yly (595

|F

m

2L,

3= yid- o> @l 1)) JS

ok g cam glayiohly G283 juslie (28lg e S
S 3 Loyt yaslie a5 35 (858 plgie Jlo ool b s
leyiolyly pslio glgie GHole 4 -a5ls 58 pglee g (e o3
g 4 )

m =1l + ),k = k(1 +8;),¢c = (1 + 68;) m
B 9 0353 ayialyls (ol yuslio k g @ ()] ;3 a5 w83 Hhai s
ol 53 blioe 2oy 39290 washs ese Gline B 5 (i
e ylie g oad aid) Jhi sk =290 =14m =3 jungh
Sgdpe Blx) 8= 8, =08, =20% cyso 4 sk
& .x(0) = | = 0) ho 4yl bl (15,5 L ey
190 A a0 J3a3

6O =375 )
g SolgS>

Py UL'T

doddo =)

2 oS job 4 yres-yidoe el ALBIS Amd
Sl sl 01 gly okl Syge Lutige ilite (glady,lS
9385 Galsi pitucue [ Sy gl pitunn asdllae )3 (digal
G918 (slany) 5 I 9,355 @y only slaanps Gz (sl
s M e ySlgiy s ol @58l wblay dleaz e
i (ol @ Cilize g2ly0 glee j3 T e8> S glasy)lS
Jled g Jledyé wygo 95 a4 pluow ol ccwl oad Sl
S ool i Jledpe piunw a0 ysbds 39d0 (g aidiw
4y el oad S yes 5 58 oy jl Lt g Slaal (5w
wad g edle gl )3 5 39di 50 JyuS b il eyse 4 Glis
25 Mgy salgd dnly 8o I8 ol 43 & Ghuze bbb @
slaSuc 5 o2l 598 Jlee! (sl Slae Gl Jled asws
5 camdse wile e8> layelly (55ylul gly cilixe
i (2hS Gilizko bl (gl U dadse odlaiwl ey
dl> Sy Glise Jlod aiws (ke 4 M siley Bgame
g amlgS diu

S G- sl (slmesiiS S
4>4i 3590 ivo 4 jluws (Integral-Derivative Controller, PID
o3l nosiiSUyiS £55 ol 5 Sl 730 1 L 53 g o399
IS ol (e o 31 oS i 1 g9 ol M 3950
5 Jo i3S laglej b cunlito g igie JuSil iiduo g
3959 9 e Zex> ole Jold) Lhs JuSw oui]
Jlael S8 o g 4 1) glop JWSaw S (wslke
Gltde g (IS (il cops dw BPhb (sl A
iixe ol sl o ail,] Gilies @2lye 43 ilshs slabs,
ki 7 S @i gSI1 P latiosgs (slabg)
o M siadign PID oaiSJxuS M oglie S8 iise
I S aliyo glmesS s M (65 lagybgy 3 iise
G slagb; » e MV 4Bz Jao slagibs, » K
Wz 5 6518 (Ghuki siile (lagbs) y3 Lload &l M
0 (s (o 31 Slaal (g S bl 008 1S ol b
o 9 Ssdise Slepign pilwsw (I blyd olel 5
g0 el eiluoww (gly 1) diu dil> Cuolie 3Slee ¢lsie
alps et slagl) 5 dtws e 5 Glegly o2l 5
91 palgB jSyeite

Jio Sy e Gkl @il g (2 hb (g, 1 edlie gl 5
228 (gl (Model Reference Adaptive Control, MRAC) &> yo
o3lasul yres-yid-0y> @iliaw S (sl PID cauiS yiS culps
095 dsiye S @5 S (sl aslle ond s a0

Proportional-)

Sly 3blse cushs e shls S one L;Lm)?wl)‘..g & ol
ﬁ;.b;q culpd g dgd 50 odliiwl MIT oacl8 5 Culypo ‘oab;q

byt (sl ol 9 plyas «Suile udigs lo GuilisS pradd 03338y Ylie acgemo



Fr sped-yid-prr s (sl @230 Jdo Eashd PID suiiS S =lib
63935 o Jolis JUSew e(8) «(A) dhaly 55 el gz
o d g ol @l 295> 5 Do

e@®) =r) -y Q)
rengo 4 u() (6399 JUSamw (odgY i 39d e Ly
ues) = (I, +%)R(s) - (ky +%+ kas) Y(s) 09

y(t) 9 () Loda¥ Judsd Culyias R(s) g R(s) (ol 5 45 ol

S8 4 s i il o5 @5 st bl

Y(s) _ b(kys + k;)
R(S) ~ aps® + (ay + bky)s? + (az + bky)s + bk;
130 4 @2y Jho i8S HI )3 b 3y snlg>

Y,,(s) w?
- m___ om0 \Y
Gm(s) R(s) s%2428w,s + w? on

oy il 4y b Lalgy «(5) dhaiy jloosliel Loy

:eygeo 4 PID e.\.uS‘J)»S
K, bp(r(t) — y(©))

am

d

— L= —Telt W
dt Tpe( )a0p3 + (a; + bkg)p? + (a, + bk, )p + bk; an
dkK; _ b(r(t) —y(t)

S = e — (r®) -y®) 0%
dt aop? + (a; + bky)p? + (ay + bk, )p + bk;

dK, bp?y(t)

= Tae(©) — oL (o)
dt aop? + (a; + bk)p? + (az + bk, )p + bk;

4 d2gi bl Jundlyins Shoe p = 2 olog)T s a5 399 sals>
M psloe 383 w90 4 @y g «ay g b slayially 4l
bulgy caiyipnn - 0)S exlatwl @2 y0 Jio oyl 5l plgie 13

130 43 PID 0uiiS J50S clpd (ale pudaid

dK, w2pe(t)

P _ _ _n/mr7 \#
dt Tpe(®) p? + 28wup + w2 "
dK; w2e(t)

ek —n7 Y
dt vie®) p? + 28w,p + wi an
dKy wip®y(t)

—d _ S A
dt vae(®) p? + 28 wup + w3 oM

h.wy U.>|)b d.:ls LSL'Q"))Q). Ya 9 Vi Vp ‘Lmo| 3 a5 g mly
Aidbse S

Gilwand mbu -F
55 Simulink e | Saudad PID eaiiS S (g 5lwdusds (5l
0.15 b yily (g)lspised oloj camsl oads odlil MATLAB
4 Gkl gl bl Calyd prizes il ol puats
Slodds eulail y, =800 g ;=261 =729 (slacge
b dosd @6 Gl 4 s @2 3909 by S Jolo s
oldd (W) S s (k=25 c=1.m=3) ol slayialily
4 PID ousiS yisS euaid alpd jLd; (piceen .l oa 031y
o3y L (F) JSb 53 ol Jao slil g s S8 (g,
9> &S 390 odblive (W) Kb 50 eds b cwl oddd
ol diwdlgd aile 51 5eS Gloy wae I Guy () ol
sole; 53 ol 5l g 3 85 JLSs 1y (xm) &2 J3o 290>
=90 b Gk gl 6508 Sl ploj c@2pe (53959 S
oMiS S pulatl alpd pizen ol odd Spo g2ye Joo
ilod) 393 (led ke 4 USU slagiez 5 wlilusi g

National Conference on Mechanical-Civil Engineering and Advanced Technologies

Gk’ PID esuSyuS olhb -V
loosis xS 5l o (MRAC) gzpe Jio Gl Jyus
Jm&gwﬁgslhaé)iluoTpaSwlwuﬁﬂhj
M sl gy Pl gogaxe by ol S3dse ol &2
Sty oS il oads lia (V) JSW 53 gy ol ok slaged
Se g S e pluaw Jae Jold Ggese Suad
i 5Ty ,So3 Ko dils 31 puisned aal oiiS S
5l PRI ﬁ);d&a ol osd oalasiwl caiS S (slayiolyls
Jao 295> 3 pilucw 529y JoliS o5 Las JlSw wleMbl
Glajjor 1) calys b jo 55 9 3pie o cwl g2

Moo —l
2]

oS, S >

I g2 50 Jao et J 508 gy (Sl ylaged 1(¥) S

Ml gz e Jao Ghashs J 368 o=k Glol gy MIT osels
By 5 ol 0 oulail Calyd (ghyls 038U cosels ol s
b 330 J3e Ym @230 Jao S 52905 b diney dil> glhae

rego 4 Lhs JUSaw o3

e(®) = y(6) = yn(0), o)
g0 4y dinje &l sl HuS calyd e sl
(G =%ez (&)
balS gy 51 ealiiul b caiyionsy 390 dd)S a5
rygo 4 ealaid 05008
o 9 9] e de

T~ Vo8 Vaean~ a0 o
53 9 0390 G eaiid Cops v ey ol 53 I Ol e cuny
wes o de . T afee N o g0

Uas (g 53 5305 092 Sl 9 398 (50 oarels ptunras ol
cenol oauS yuS eubais 8 (slayielb 5l

(¥ dlaly 3 pred— 538052 il Jdo 4 dzgi by cdllie oyl 5o
130 4 el 345 &

b

- Y
() aps? + ays +a, M

25,5 PID 900 43 0 iS58 cpaionad 3gib0 aid)S A 3
Heng0 43 (6399 JUSew oyl sl oad 4i8)S

u(t) = Kpe(t) + Kl-f e(t)dt — K4 dj(;—(tt) ()
JUSs o 3 Lo Gy o(A) datly 53 =83 b Logy salgs
35y 5l 655k sl E990 ol o cunl ord Lpd (29)>
3959 JiSw yusi wllasd y3 JyuS JuSaw 53 )iy yslie

November 2024



il g4 FF

0 . . . . . k|
0 10 20 30 40 50 60
time(s)

9 Gkl JyuS gy o PID oS y6S euisd colys L, (%) JSi
giw Sslhe (63555 (13 53 ob Jse slil @

0.6 4

z(m)

0.2 q

-0.2

. . . . .
0 10 20 30 40 50 60
time(s)

e (slayiolyly 53 UYe ki b @0 (53939 23y (V) JSb

100

30 40 50 60
time(s)

9 Ghasad JuS gy 4 PID oaiiSJ 508 eabaid culps HU) ((A) JS&
g (sLyaly )3 7Y s (gl 4

S et slayiahly palie coaiiSyus sSlos (o sl
Aol a0 a8l 2V Jlade dy g 63 2yl (el el
0 edle gl s eSS aSles ilwand I Jols
L S opal 53 wds bl oad o3ls Lid (A) g (V) oS
Wdlyd e 529> b <l ol 53 &5 390 csalive
4l Fe B Yo ol s i g S Jlis |y @2 pe Jao 52955
eIl ol 53 e al 00 4B Lz 0aS S 3ySlac

Py UL'T

&ly aalllae 3,90 ju3 wgiaw @250 (53939 4 Gl iz
IS ol 5> eds b cwol oais oals liss (O) JSKb 55 g oad
Sloj @it 53 ol didlgd eiluamw 529y 45 39050 odliv
boT L 3 03y i Csllae (533)9 4 4l e 51 a8
(%) IS 53 0aiS S ol ps oy @uats iz a8 JLds
slegive o9 g ‘O')T @lyusi Jge a5 cuwwl oaid o3ly (lid

sl IS g Gt (sl b d po LS

1.2 T T T T T

0.6 H A

x(m)

0.4 1

0.2 A

-0.2

0 10 20 30 40 50 60
time(s)

ol Jae sl 4 @z pe (83955 L3y (V) S

0 10 20 30 40 50 60
time(s)

5 Gk JyuS (g, 4 PID eaiiS S et ol i, 1(8) JSib

el Jse (glil @

0 10 20 30 40 50 60
time(s)

g Dglhe (63959 (b3, :(B) JSb

byt (sl ol 9 plyas «Suile udigs lo GuilisS pradd 03338y Ylie acgemo



¥o sed—yib-pyr pluus (glys @20 Jio (sashS PID auiiS S >k

8. Calio R, Rongala UB, Camboni D, Milazzo M,
Stefanini C, De Petris G, Oddo CM. Piezoelectric energy
harvesting solutions. Sensors. 2014; 14(3):4755-90.

9. Janot A, Young PC, Gautier M. Identification and
control of electro-mechanical systems using state-
dependent parameter estimation. International
Journal of Control. 2017; 90(4):643-60.

10.Badr MF, Karam EH, Mjeed NM. Control design of
damper mass spring system based on backstepping
controller scheme. International Review of Applied
Sciences and Engineering. 2020; 11(2):181-187.

11. Astrém K], Wittenmark B. Adaptive Control: Second
Edition. Dover Publications; 2013.

12.Fong-Chwee T, Sirisena H. Self-tuning PID
controllers for dead time processes. IEEE Transactions
on industrial electronics. 1988; 35(1):119-25.

13.Rad AB, Lo WL, Tsang K. Self-tuning PID controller
using Newton-Raphson search method. IEEE
Transactions on Industrial Electronics. 1997;
44(5):717-25.

14.Zhang ], Zhuang ], Du H. Self-organizing genetic
algorithm based tuning of PID controllers. Information
Sciences. 2009; 179(7):1007-18.

15.Verma B, Padhy PK. Robust fine tuning of optimal
PID controller with guaranteed robustness. IEEE
Transactions on Industrial Electronics. 2019;
67(6):4911-20.

16. Yamamoto T, Takao K, Yamada T. Design of a data-
driven PID controller. IEEE Transactions on Control
Systems Technology. 2008; 17(1):29-39.

17.Dounis Al, Kofinas P, Alafodimos C, Tseles D.
Adaptive fuzzy gain scheduling PID controller for
maximum power point tracking of photovoltaic
system. Renewable energy. 2013; 60:202-14.

18.Luo Y, Chen YQ, Wang CY, Pi YG. Tuning fractional
order proportional integral controllers for fractional
order systems. Journal of Process Control. 2010;
20(7):823-31.

19. Ahmadi M, Haeri M. A new structured multimodel
control of nonlinear systems by integrating stability
margin and performance. Journal of Dynamic Systems,
Measurement, and Control. 2017; 139(9):091014.

20. Nuella I, Cheng C, Chiu M-S. Adaptive PID controller
design for nonlinear systems. Industrial & Engineering
Chemistry Research. 2009; 48(10):4877-83.

21.Rothe ], Zevering ], Strohmeier M, Montenegro S. A
modified model reference adaptive controller (M-
MRAC) using an updated MIT-rule for the altitude of a
UAV. Electronics. 2020; 9(7):1104.

22.Gopi RS, Srinivasan S, Panneerselvam K,
Teekaraman Y, Kuppusamy R, Urooj S. Enhanced Model
Reference Adaptive Control Scheme for Tracking
Control of Magnetic Levitation System. Energies. 2021;
14(5):1455.

23.Gu DW, Petkov PH, Konstantinov MM. Robust
control of a mass-damper-spring system. Robust
Control Design with MATLAB. 2005; 101-62.

24. Nair AP, Selvaganesan N, Lalithambika V. Lyapunov
based PD/PID in model reference adaptive control for
satellite launch vehicle systems. Aerospace Science and
Technology. 2016; 51:70-7.

National Conference on Mechanical-Civil Engineering and Advanced Technologies

slade b oS wlilwgl b silasiuwslgs PID odisS xS calpd «jud
o35S 45 8T 4zt 5o i Sy 395 e
HSloe ] dudlyl yros-yid-oy> @i gl osd >hb
lie 53 st g (ol el 93,5 @250 (6399 (213 53 9>

3138 Gtoled 4 395 51 @it (5ol )y

S pSdenis -0
48)S 51,8 aslllao s ypos-yid- oy el S calliio ol 53

03 Cbsu.w' s Je Hgd ©9° Ug.'ls oslasiwl b 9 sl
g0 A yaed § 38 o yd (x> (slaylelly (IS wdl> )y el
ool lie (gl pilune o &l g Slond (88 (ueli
b oaisS S 2y Glual dy sy (gly ol oads ]yl
pabid sl g ol oad 8)3 PID Lo g pguope Hlislu
o2 MIT 01cl8 g @250 Jao  isine (i (g, 51 o s
bixo 53 osds ohb cuiS S Jlael b el osi w)f

by 53 eauS U cubbge  odel cuwds ult Simulink
.))l.) edYs u&b& ‘c.).c 3929 9 LJ.ALJ edls 923 uglh.a 53919

ol cuepw by @250 (6399 vl diwdlys el 295> 9
.-\J.S dLu) )lf.\.)Lo k_«JL’> 6&:9 09.\9 9

&lw
1. Nikooyan AA, Zadpoor AA. Mass-spring-damper
modelling of the human body to study running and
hopping-an overview. Proceedings of the institution of
mechanical engineers, Part H: Journal of engineering in
medicine. 2011; 225(12):1121-35.
2. Ge S, Huang L, Lee T. Position control of chained
multiple  mass-spring-damper  systems-Adaptive
output feedback control approaches. International
Journal of Control, Automation, and Systems. 2004;
2(2):144-55.
3. Khodadadi H, Ghadiri H. Self-tuning PID controller
design using fuzzy logic for half car active suspension
system. International Journal of Dynamics and Control.
2018; 6(1):224-32.
4. Rao KD. Modeling, simulation and control of semi
active suspension system for automobiles under
MATLAB Simulink using PID controller. IFAC
Proceedings Volumes. 2014; 47(1):827-31.
5. Metered H, Elsawaf A, Vampola T, Sika Z. Vibration
control of MR-damped vehicle suspension system
using PID controller tuned by particle swarm
optimization. SAE International Journal of Passenger
Cars-Mechanical Systems. 2015; 8:426-35.
6. Cairano SD, Bemporad A, Kolmanovsky IV, Hrovat
D. Model predictive control of magnetically actuated
mass spring dampers for automotive applications.
International Journal of Control. 2007; 80(11):1701-
16.
7. Kundu S, Nemade HB. Modeling and simulation of a
piezoelectric vibration energy harvester. Procedia
Engineering. 2016; 144:568-75.

November 2024



